Summary. A cohort of children attending a day care center in Salvador (Bahia, Brazil) was studied prospectively to determine the incidence of viral respiratory infectious episodes and to identify the viruses associated with them. Two hundred seventy-one nasopharyngeal samples were collected over a 1-year period for examination, using indirect immunofluorescence with monoclonal antibodies against adenovirus, influenza A and B, parainfluenzae 1-3, and respiratory syncytial virus, and reverse transcriptase-polymerase chain reaction for picornavirus.
INTRODUCTION
Acute respiratory infections (ARI) are prevalent worldwide, and rival diarrhea as the leading cause of death in children less than 1 year old in developing countries. 1, 2 Several community-based studies have established the importance of common viral ARI in tropical countries. 3 Providing suitable day care for young children has become an important economic issue, especially in developing nations, where mothers from underprivileged classes join the work force to contribute to the family income. Some studies have shown that attending day care can be a risk factor for respiratory diseases in young children. [4] [5] [6] [7] [8] Therefore, it is relevant to carry out studies on the etiology of ARI in day care facilities which constitute probably the most favorable environment for the transmission of common respiratory viruses among assembled susceptible hosts. Surprisingly, studies on the viral etiologies of ARI in children attending day care are relatively few in the indexed literature. [9] [10] [11] The institution of possible interventions for the prevention of ARI in day care children in tropical areas will depend on assessing the frequency, etiologies, and seasonality of these infections.
We shall report results of a day care-based ARI study, carried out over a 12-month period to determine the frequency, seasonality, and certain clinical features of common viral ARI in children younger than 2 years old in Salvador, Bahia, Northeast Brazil.
MATERIALS AND METHODS

Study Design and Population
A longitudinal, prospective study of ARI episodes in a cohort of children attending a day care center was performed. The study was carried out in a day care center for children of low-income families in Salvador, the capital city of the state of Bahia, Northeast Brazil. Salvador is a city of 2.5 million inhabitants at sea level, 138 south of the equator. The climate is tropical with high relative humidity (>70%), rainfall throughout the year with a peak in April, and drier months in December and January. The temperature varies between 21-358C.
The day care center houses up to 150 children aged 2 months to 4 years old in a floor space of 450 m 2 . The children stay in the day care center from 7 AM to 6 PM, Monday through Friday. There are six well-ventilated 46-m 2 rooms with approximately 25 cots in each of them; 3 recreational areas where children are placed according to age; and a common dinning room. Smoking is prohibited. Two caretakers are in charge of each group of 20 children. Institutional policy does not exclude ill children from care, but when they have fever or dyspnea, they are kept in a separate ward where they are evaluated and treated by a pediatrician and a nurse. Therefore, most of the ill children are allowed to stay, whereas the more severely ill are sent to a hospital. Usually, children come to the day care center even when they are ill, because of the availability of medical assistance there and because their mothers work and cannot take care of them at home. All attending children aged 2-24 months were enrolled in the study. Children were excluded from the cohort when they were older than 24 months or when they stopped attending the facility, which occurred for different reasons, such as lack of adaptation or because the family moved to other parts of the city, far away from the center. All children newly admitted to the day care center were included, so that the number of enrolled children was kept fairly constant (Table 1) . The day care center was closed for summer vacation in January and February. The study protocol was approved by the review board of the Federal University of Bahia. Parents as guardians gave verbal informed consent for nasopharyngeal sample collections.
Surveillance
Clinical surveillance was conducted three times per week, from May 1996 through April 1997 by pediatricians who performed physical examinations on all enrolled children. The judgment of the mother or guardian about the health of the child as expressed at the time the child was brought in each day was recorded. A child was considered ill when either the mother or a pediatrician reported the presence of one or more respiratory symptoms. The symptoms considered were: rhinorrhea, sneezing, nasal obstruction, hoarseness, stridor, cough, dyspnea, tachypnea, chest retraction, wheezing, rhonchi, or rales on auscultation of the chest. An episode of respiratory infection was defined by the presence of one or more of the above respiratory symptoms, preceded by at least 7 symptom-free days. The attack rate was expressed as ARI episodes per 1,000 child-days at risk. A child-day was considered as 1 day of study for each child in the cohort. Therefore, the study was comprised of the number of child-days that was equal to the sum of children observed per study day, times the total number of study days.
Sampling
Nasopharyngeal secretions were collected when children started having respiratory symptoms, with or without fever. Some children with perennial respiratory symptoms without obvious exacerbations were also selected for sampling, excluding those who had nasopharyngeal sampling in the previous 15 days. This selection was done at random, observing the need to include roughly equivalent numbers of children from all age categories: 2-6 months, 7-12 months, and 13-24 months. Nasopharyngeal aspirates (NPA) were collected from children with five different types of respiratory illness episodes: Type I, children selected among those with perennial respiratory symptoms; Type II, all children with acute upper airway symptoms without fever; Type III, all children with acute lower airway symptoms without fever; Type IV, all children with upper airway symptoms and fever; and Type V, all children with lower airway symptoms and fever. Nasopharyngeal secretions were suctioned with a 20-mL syringe into a disposable urethral catheter (gauge 6 or 8) placed in the nasopharynx. The ensemble containing the sample was kept on ice and taken to the virology laboratory at FIOCRUZ (Salvador, Bahia) within 1 hr of collection. 
Virus Detection
In the laboratory, 0.5 mL of NPA was put in a tube with viral transport medium (VTM) containing streptomycin and fungizone. After 6 hr, 0.2 mL of the secretion in VTM were inoculated onto Hep-2 and/or Mardin-Darby canine kidney cell (MDCK) monolayers prepared in 16-mm tubes. Monolayers were incubated at 378C, and examined every other day for cytopathic effect; hemadsorption was performed on MDCK cells on the seventh day. Positive cultures were tested by indirect immunofluorescence. The remaining NPA in VTM was snap-frozen, kept at À708C, and sent to the University of São Paulo School of Medicine (Ribeirão Preto, São Paulo, Brazil) for testing for picornaviruses by reverse transcriptase-polymerase chain reaction (RT-PCR) and hybridization, as previously described. 12, 13 Adenovirus positive cultures were frozen (À708C) and later sent to FIOCRUZ in Rio de Janeiro for serotyping by neutralization.
14 The remaining sample was transferred to a tube containing phosphate-buffered saline (PBS) and centrifuged at 450Âg. The cell pellet was resuspended in PBS and slides were prepared, air-dried, and fixed in acetone for 10 min. Indirect immunofluorescence was performed with a pool of monoclonal antibodies (Chemicon) against respiratory syncytial virus (RSV), influenza A and B (Flu A and Flu B), parainfluenza 1, 2, and 3 (Pflu 1, 2, and 3), and adenovirus (AV). Samples positive by this screening method were tested with antibodies from the same manufacturer specific for each of the individual viruses.
RESULTS
On average, 63 children aged 2-24 months were in the cohort throughout the study period. By the end of the study, 138 children had been in the cohort for a period of time varying from 1-291 days. At enrollment, children's ages varied from 66-572 days. The length of time of day care attendance prior to enrollment was equal to or less than 60 days for 106 (77%) of the 138 children. The remaining had been in attendance for 61-448 days.
The study comprised 16,855 child-days of observation. Respiratory symptoms were recorded on 12,515 (74%) child-days, and 429 episodes of respiratory illnesses were recorded, for an attack rate of 98.8 episodes/1,000 childdays. The attack rate is expressed as incidence density, which was calculated from the ratio between the number of respiratory disease episodes (429) and the number of days at risk for respiratory disease (4,340 child-days without respiratory symptoms). One hundred and seven children (79.3%) had persistent respiratory illness, expressed mainly by continuously present runny nose; among those children, 94 also had acute episodes, defined by the presence of additional symptoms that characterized exacerbations, and 13 had only chronic symptoms. Twenty-eight children (20.7%) had only acute episodes of respiratory disease, without perennial symptoms, and 3 children did not show any respiratory symptoms all through the study. Most of the respiratory infectious episodes were mild or moderately severe. One child had severe pneumonia and abandoned the day care. No difference in duration of ARI episodes by age group was observed.
A total of 271 specimens was collected from 106 children throughout the study. Of those, 61 (22%) were from Type I episodes; 45 (17%) from Type II; 66 (24%) from Type III; 62 (23%) from Type IV; and 37 (14%) from Type V. All 271 collected samples were examined by indirect immunofluorescence, yielding 43 (16%) positive results. Of 264 samples available for testing by RT-PCR and hybridization, 86 (33%) were positive for a picornavirus; 67 (78%) were rhinovirus (Rv)-positive; and 19 (22%) were enterovirus-positive.
Of the 271 samples tested, 116 (43%) were positive for some virus (Table 2) , for a total of 129 virus identifications: 67 (52%) rhinoviruses; 19 (15%) enteroviruses (Ev); 16 (12%) adenoviruses; 14 (11%) parainfluenza viruses (13 type 3 and 1 type 2); 8 (6%) influenza viruses (Table 2 ). Only 154 of the 271 samples collected were inoculated in cell cultures, yielding 17 (11%) viral isolates. Of the 116 cases of ARI for which a viral etiology was established, 73 were diagnosed by polymerase chain reaction (PCR), 30 by immunofluorescence, and the 13 that were positive for two viruses were detected by both methods. The 17 samples from which a virus was isolated in cell culture yielded Av (11 samples), Pflu 3 (4 samples), and RSV (2 samples), and were also positive by immunofluorescence. All Av isolated were serotyped by neutralization, and all of them were Type 2.
Rhinoviruses were detected more frequently during the autumn months, but occurred throughout the studied period, showing a lower frequency only in November and December. Pflu 3 occurred as a small outbreak in October and November. RSV was detected only in March and May (autumn). The other viruses did not exhibit any seasonality (Fig. 1A,B) .
Most episodes of diagnosed viral respiratory infections occurred in children aged between 3-9 months (Table 3) . In this age group, 181 samples were collected, yielding 74 (40.9%) positive results. Among children belonging to other age groups, 85 samples were collected with 40 (47.1%) positive results. Most Rv detections occurred in children younger than 6 months; they were slightly less frequent in children 6-12 months old and increased again in those older than 12 months; Rv was detected significantly more frequently than all other respiratory viruses taken together (Fig. 2) .
Episodes of confirmed viral ARI had a mean duration of 15 days and occurred with an attack rate of 7.66 episodes/ 1,000 child-days of observation (incidence density, 116 episodes/15,151 child-days at risk for viral ARI). Table 2 contains a summary of results according to clinical category. All 56 episodes of Rv infections were characterized by presence of upper airways symptoms, with concurrent lower airways symptoms present in 31 (55%). Wheezing was found in 16 (29%) and fever in 23 (41%) episodes of rhinovirus ARI. Upper airways symptoms were observed in 14 of 17 episodes of Ev infection, lower airway symptoms in 8, wheezing in 5, and fever in 6. Among the 10 episodes of infection caused by Pflu 3, upper airway symptoms were observed in 7, lower airway symptoms in 8, wheezing in 4, and fever in 7. All 9 episodes of Av infections presented with upper airway symptoms, and 4 of them had also lower airway symptoms, with wheezing present in 1 and fever in 5. Five of the 6 Flu A episodes had upper airway symptoms, 2 of them had lower airway symptoms with no wheezing, and 4 had fever.
Wheezing was observed in 32 (27.6%) of all 116 documented viral ARI episodes and in 30 (19.3%) of the 155 cases of ARI with no virus detected. Conversely, NPA was performed in a total of 62 wheezing episodes, and a virus was detected in 32 (51.6%): Rv alone in 14 (43.7%); Ev alone in 5 (15.6%); Pflu 3 alone in 4 (12.5%); RSV alone in 2 (6.2%); an association of Av with Rv in 3 (9.4%); an association of Pflu 3 with Rv in 2 (6.2%); Av alone in 1 (3.1%); and an association of RSV with Rv in 1 (3.1%). The 62 wheezing episodes were distributed in all age groups: 26 (41.9%) such episodes See text for details; refers to clinical status at time of enrollment. n ¼ number of samples tested.
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occurred in the 2-6-month-old group; 20 (32.3%) in the 7-12-month-old group; and 16 (25.8%) in the 13-24-month-old age group. Considering the 32 virusassociated wheezing episodes, 15 (46.9%) occurred in 2-6-month-old children; 9 (28.1%) in 7-12-month-old children; and 8 (25%) in 13-24-month-old children. Rhinovirus accounted for 13 (86.7%) of the 15 wheezing episodes in 2-6-month-old infants; for 2 (22.2%) of the 9 wheezing episodes in the 7-12-month-old group; and for 5 (62.5%) of the 8 wheezing episodes in the 13-24-month-old group.
DISCUSSION
This study found a high incidence of respiratory illnesses in children aged 2-24 months, attending a day care center for low-income children. The attack rate of 98.8 episodes/1,000 child-days indicates that this kind of facility constitutes an environment highly favorable for maintaining transmission of common respiratory pathogens. In community-based studies, much lower figures have been reported: 3.6 episodes/1,000 child-days in São Paulo, Brazil, in 1986; 15 6.4 episodes/1,000 childdays in Rio de Janeiro, Brazil; 16 18.08 episodes/1,000 child-days in Colombia; 17 and 16.7 episodes/1,000 childdays in the Phillipines. 18 Data on ARI incidence in day care facilities are scarce in the indexed literature, but several studies have shown the role of these facilities as risk factors for respiratory illnesses. [4] [5] [6] [7] [8] [9] 19, 20 To the best of our knowledge, this is the most extensive prospective study of viral respiratory infections in children from socioeconomically underprivileged families attending day care in Brazil.
The proportion of virus-positive episodes in this study was 42.8%. This rate is higher than that obtained in a household-based study of children from similar social strata in another large city of Northeast Brazil. 21 This is likely a true account of the great circulation of viruses that must occur in crowded conditions such as can be found in an understaffed day care facility, with a large number of infants and toddlers who exchange respiratory secretions continuously. But this virus detection rate may also be a consequence of the high sensitivity of the picornavirus RT-PCR, which has already been demonstrated in adults with colds. 12 More recently, this test has enabled us to evaluate the actual impact of Rv as a cause of common respiratory illnesses in children and adults. 13, [22] [23] [24] In the present study, Rv was detected in 67 samples, which represented approximately 52% of the 129 positive samples obtained, a proportion that is in keeping with a previous household-based study conducted in northeast Brazil, which found 46% rhinoviruses by cell culture. 21 Most published ARI community-based studies have not included adequate methods for the detection of Rv, and it has become clear that such studies may not account for the real importance of these viruses as causes of ARI in the community.
In the present study, RSV was detected in only 5 specimens, an unexpected low frequency. This low circulation of RSV is in keeping with previous findings of a household-based study in Fortaleza, another large urban coastal area located in northeast Brazil. 21 However, this is in contrast to several other reports of high frequency of RSV in small children in different parts of the world, mostly found by hospital-based ARI studies, [25] [26] [27] [28] [29] [30] [31] [32] [33] which carry the selection bias of sampling more severe cases. For example, in Salvador, a previous hospital-based study conducted from 1993-1996, with collection of nasopharyngeal aspirates from children less than 5 years old in emergency rooms and on pediatric wards, found that RSV was the most frequently identified virus. 34, 35 Other hospital-based studies in Brazil came up with similar results. [36] [37] [38] [39] [40] [41] [42] [43] [44] The hospital-based study in Salvador used the same virologic laboratory (FIOCRUZ) and the same diagnostic techniques used in the present study. This reduces chances of lower diagnostic sensitivity for RSV in the day care samples. A limited ability of our tests to detect RSV is unlikely to be responsible for this low RSV detection, since we used a well-standardized, commercially available anti-RSV antibody in the immunofluorescence assay, done on fresh samples, with appropriate positive and negative controls included in each run. A study performed in day care centers in France 10 found RSV to be a frequent cause of ARI. More ARI studies in day care centers of tropical cities are needed in order to verify our findings with respect to the low frequency of RSV. In this regard, RT-PCR-based assays for RSV 23 could potentially serve the purpose of assessing the true impact of this virus in future day care based studies.
In the present study, rhinovirus episodes were evenly distributed in the five clinical categories that were sampled. The other respiratory viruses (Pflu 3, Flu A, RSV, and Av) were detected in association with more severe episodes, characterized by fever and/or signs of lower airway involvement. In all clinical categories, however, Rv was the most frequently identified virus, reinforcing the importance of these agents in the etiology of respiratory illnesses in young children, including those with wheezing and other lower respiratory symptoms. The recently reported findings that Rv replicates in the lower respiratory tract 45 highlights the potential impact that this virus may have as a cause of lower ARI which may have been neglected previously. Our findings confirmed the importance of viruses in association with wheezing episodes in young children, previously reported by many authors. 46, 47 The high frequency of rhinoviruses in association with wheezing should raise our awareness of the importance of these viruses in causing lower respiratory illness in young children in addition to RSV, whose association with wheezing has been documented largely in the Northern Hemisphere. 24 Our findings highlight the great impact of respiratory illness in low-income children attending day care and, to the best of our knowledge, document for the first time the high frequency of rhinovirus as a cause of respiratory illness in young children in day care in a tropical urban area.
